SUMMARY A number of different biochemical and serological tests have been described recently for the early and accurate diagnosis of tuberculous meningitis. None of these tests has yet gained widespread acceptance in clinical medicine or in microbiology laboratories. To investigate this problem we evaluated adenosine deaminase activity (ADA), an enzyme linked immunosorbent assay (ELISA) that detects antibody to antigen 5 of Mycobacterium tuberculosis, and the radioactive bromide partition test (BPT) in the cerebrospinal fluid (CSF).
BPT was found to be the most reliable test in the early differentiation of tuberculous from other causes of meningitis and remained abnormal for a period of up to five months after the beginning of treatment. Accordingly, we believe that the BPT should be used in conjunction with bacterial and fungal antigen detection systems for the initial differentiation of clinically suspicious tuberculous meningitis from Gram or culture negative cases, or both, of bacterial and fungal meningitis.
The diagnosis of tuberculous meningitis is usually because of malnutrition or severe infection. Furbased on a history of contact, clinical findings, a thermore, in our own experience, acid fast bacilli positive tuberculin skin test. chest roentgenogram, are shown rarely in direct Ziehl-Neelsen smears of characteristic cerebrospinal fluid (CSF), and dem-CSF specimens and are cultured in only 42-75% of onstration of acid fast bacilli on direct microscopy or patients.4 5 Therefore, the diagnosis of tuberculous culture.1-3 The CSF findings, however, are often meningitis is often delayed, and this can adversely ambiguous, especially in children,2 and interpreta-affect the outcome.
tion of the tuberculin skin test is difficult as it may be
In recent years various biochemical and serologi- (12/14) of the children with pulmonary tuberculosis alone had ADA values less than 10 IU/l. The mean ADAs in CSF (Table 1) in the patients with bacterial and tuberculous meningitis (investigated in the first month of admission) were significantly higher (p<0-01) than in the other groups studied (Bi, B3, and C). There was no significant difference in ADA, however, between the patients with tuberculous and bacterial meningitis. If a value of more than 10 is identified as the cut off point then CSF ADA showed a sensitivity of 73% (11/15) for diagnosis of tuberculous meningitis in the first month after admission. In control groups B and C a value of less than 10 was only 71% (45/63) specific for absence of the disease.
ELISA antibody to antigen 5 of M. tuberculosis Figure 2 shows the distribution of CSF antigen 5 antibody concentrations in the different groups of patients studied. Of the children in group A who were tested within the first month of admission, only 53% (8/15) had ELISA titres of 1:20 or more.
Similarly, of all the specimens tested on group A, only 42% (23/55) were found to be positive at this titre, and 21 (91%) of these positive results were detected in the first five months after admission. Twelve Figure 3 and Table 2 . In group Al the BPT was performed within 72 hours after admission, in groups B and C within a week after admission, and in group A2 the time of the test varied from a week to four years after admission. If a BPT ratio of less than 1-5 is taken as indicative of tuberculous (Table 2) .
Of the 13 CSF specimens in group Al examined for acid fast bacilli by the Ziehl-Neelsen stain, none were found to be positive, and only six (46%) were positive on culture.
Serum tests
In both the groups with tuberculous meningitis and with pulmonary tuberculosis the mean ADA in serum was significantly higher than in the nontuberculous control group (Table 1) . The serum from patients with pulmonary tuberculosis alone had significantly higher ADA titres than those with tuberculous meningitis (p<O0O1).
Discussion
This study was undertaken to evaluate appropriate tests that could reinforce a clinical diagnosis of tuberculous meningitis. We evaluated the usefulness of three tests that, in our view, have been inadequately assessed (BPT and ADA) or untried (ELISA antigen 5 antibody assay). Unexpectedly, we found the BPT, which was first used for this purpose as far back as 1954, to be the most reliable.
The The ELISA test was found to be highly specific but relatively less sensitive for the diagnosis of tuberculous meningitis. Hernandez et al, using a different antigen antibody system, reported on an ELISA test for detection of antibodies to bacille Calmette-Gu&rin (BCG) in CSF, which they found to be very sensitive and highly specific for diagnosis of tuberculous meningitis.'5 Similarly, Kalish et al detected IgG antibodies to purified protein derivative in the CSF of all three patients with tuberculous meningitis and in none of the 33 control specimens.'6 Sada et al, using ELISA to detect mycobacterial (BCG) antigens in CSF, found the test to be highly specific (95%) and 81% sensitive for diagnosis of tuberculous meningitis. 14 A possible explanation for the relatively low sensitivity (27%-53%) shown by the ELISA antigen 5 antibody assay in this study is the presence of excess antigen or antigen-antibody complexes in CSF samples, which would not be detected by this assay. Further studies need to be undertaken to answer this question. The findings of this study also suggest that CSF antigen 5 antibody concentrations do not reflect on the severity of the disease process, nor were they useful for monitoring response to treatment.
The results of this study confirm that the radioactive bromide partition test (BPT) is of value in distinguishing tuberculous meningitis from viral and pyogenic meningitis and that the diagnostic value of the test is not affected by antituberculous treatment for a period of up to five months after treatment is begun. Using a bromide partition ratio of 1-5 as the upper limit for the diagnosis of tuberculous meningitis, we obtained a sensitivity of 92% and a specificity of 92%. Wiggelinkhuizen and Mann, using a ratio of 1-6, reported an incidence of 5-9% false negative results and 12% (4/32) false positive results in children with suspected tuberculous meningitis.'3 As most of the false positive results have been reported in children with purulent bacterial meningitis the value of the BPT in distinguishing such patients from those with tuberculous meningitis has been far less clear.9 13 In the present series the BPT was performed in 10 children with pyogenic meningitis with only one false positive result, which was seen in a child with pneumococcal meningitis. False positive results have also been reported in patients with neurosyphilis, multiple sclerosis, spinal block, congenital hypothyroidism, and mumps meningoencephalitis;13 the last mentioned also posed difficulties in this study with a ratio of 1-38.
The BPT has previously been shown to be of particular value in the differential diagnosis of lymphocytic meningitis, including that due to neoplastic and other non-infective conditions.'2 This is of particular importance in adults in whom these latter conditions may often need to be differentiated from tuberculous meningitis. The role of this test in differentiating cryptococcal meningitis from tuberculous meningitis still needs to be determined, but this is now far less of a problem with the ready availability of the highly sensitive and specific cryptococcal latex agglutination test. We should point out that a possible disadvantage of the BPT is the need for a gammacounter to read the results.
Despite an exhaustive and careful search for acid fast bacilli, we did not obtain any positive results in the CSF specimens examined, and the organism was cultured in only 46% of patients. Similar observations have been reported by others. 22 The detection of antigens in CSF and other body fluids by ELISA or indirect agglutination tests is now routinely performed in most microbiology laboratories for the rapid and accurate diagnosis of acute bacterial and also cryptococcal meningitis. These techniques have now been described for the rapid diagnosis of tuberculous meningitis and have potential for application at clinic or peripheral hospital level.'4 23 Both these tests, however, will need to fulfil very strict criteria of sensitivity and specificity before they can be accepted for the rapid diagnosis of tuberculous meningitis in routine laboratories.
Of the three tests evaluated in this study, the BPT was found to be the most reliable for the early differentiation of tuberculosis from other common causes of meningitis. Accordingly, we believe that for the present, where facilities are available, the BPT should be performed in conjunction with bacterial and fungal antigen detection systems for the initial differentiation of clinically suspicious tuberculous meningitis from Gram or culture negative cases, or both, of bacterial and cryptococcal meningitis.
